Behavioral Choice: A Novel Role for Presynaptic Inhibition of Sensory Inputs
A recent study of how incompatible behaviors are suppressed during feeding in the medicinal leech Hirudo provides new insights into the mechanisms of decision-making in neuronal networks.
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''Decisions, decisions!'' All animals with a nervous system face the formidable task of making correct decisions in a complex and unforgiving world that continuously bombards the nervous system with sensory information. The wrong behavioral choice can lead to injury or death, correct behavioral choices, however, are rewarded -for example, with food or sex -and thus they increase the individual's and the species' chances of survival. It is not surprising, therefore, that there has been a strong evolutionary pressure on nervous systems to employ mechanisms that allow behavioral choices to be made in a highly adaptive manner in a variety of conflicting situations.
But what are these mechanisms? This question is not a simple one to address experimentally, because it requires recording both single and multiple neuronal activities while an animal is actually making a behavioral choice in a well-defined situation. The greatest advances in this field have been made in invertebrate organisms that have well-defined behavioral hierarchies and numerically simple nervous systems containing individually identifiable neurons and tractable synaptic connections [1] . Another major advantage of using invertebrates for the cellular analysis of behavioral choice is the relative ease of setting up so-called semi-intact preparations from them. These preparations contain the sensory structures and nervous system, and often even the muscles involved in the generation of well-defined behaviors. One mechanism of behavioral choice elucidated using such a preparation involves the selective inhibition of interneurons underlying the generation of behaviors incompatible with the one being chosen by the animal [1] .
A recent study by Gaudry and Kristan [2] has revealed a novel mechanism of behavioural choice, based on the presynaptic inhibition of synaptic output from sensory neuron terminals. This finding is important because it is the first example in which presynaptic inhibition, first described in 1957 by Frank and Fuortes [3] , is used by a nervous system in choosing between qualitatively different behaviors.
The main findings of Gaudry and Kristan [2] can be described succinctly, but their work builds on a remarkable amount of previous knowledge of the nervous system and behavioral hierarchy of the leech (reviewed in [4] ). This large body of detailed knowledge, in combination with clever new experiments, now has allowed a very convincing case to be made for the role of serotonin-mediated presynaptic inhibition of mechanosensory terminals in suppressing virtually all other behaviors while the leech feeds on it favorite food, blood.
In their first set of new experiments, Gaudry and Kristan [2] used a previously developed semi-intact preparation to investigate whether feeding, which is at the top of the leech's behavioral hierarchy [5] , decreased motor responses to the stimulation of nerves carrying afferent information from the so-called P (pressure sensitive) cells. P cells are mechanosensory neurons which innervate the leech's skin, and their activation elicits the local bending reflex [6] and other touch-evoked behaviors in intact animals [4] . The semi-intact preparation was originally developed to study the neuronal aspects of feeding in leeches [7] , and in the new work [2] its use helped elucidate the inhibitory effect of the activated feeding network on other networks. The preparation is ingenuously simple: it consists only of the most anterior part of the leech's body, which includes the front sucker and the lips, and the 'naked' nerve cord, from which all surrounding tissue has been stripped to enable access for intra-and extracellular recording electrodes and allow pharmacological treatments (for example, transmitter receptor blockers) to be applied to the nervous system. The preparation is fixed in an experimental chamber, where blood is presented to the anterior part in a plastic tube with its open end covered by a piece of sheep intestine. The leech, even though it is reduced to about one-third of its original length, cannot help but fasten itself onto the tube and start feeding on the blood.
Using this 'feeding leech' preparation, a combination of extracellular nerve recordings and intracellular recordings from identified neurons postsynaptic to the P cells allowed Gaudry and Kristan [2] to conclude that, during feeding, the mechanosensory input into the leech ganglia is greatly diminished. Both the motor output from the local bend circuit and the synapses between the P cells and neurons of the local bend network and other circuits -such as the network underlying shorteningdecreased in strength when the front end of the preparation was feeding. However, these changes might have been caused by post-synaptic changes, for example receptor desensitization. To rule this possibility out, the authors measured paired-pulse ratios at the synapses between the P-cells and postsynaptic neurons. This is a simple but elegant way to test for presynaptic contribution to synaptic depression, as changes in paired-pulse ratios are thought to reflect presynaptic changes in the probability of transmitter release [8] . Thus, during and shortly after an episode of impairment of transmitter release, which results in a reduced postsynaptic response to a test pulse, a second pulse will elicit a larger postsynaptic response, due to an increase in the size of the readily available vesicle pool.
Gaudry and Kristan [2] indeed found an increase in paired-pulse ratios during and shortly after feeding, confirming that the inhibition of touch-evoked behaviors was presynaptic in origin. Importantly, they also found that downstream interneurons -for example, the swim-gating interneuron Cell 204 [9] -remained unaffected by feeding, thereby establishing that the inhibitory effect of feeding on other behaviors results primarily from a decrease of synaptic transmission from the mechanosensory neurons onto their postsynaptic targets.
Had Gaudry and Kristan [2] stopped with their analysis at this point, they still would have been able to present a compelling story; however, they went further and succeeded in identifying the neuromodulator mediating the inhibition of mechanosensory terminals during feeding. After testing a range of candidate modulators, such as dopamine, myomodulin, GABA and serotonin, they found that only serotonin could depress synaptic output from the P cells and also increase the paired-pulse ratio and suppress the nerve activity pattern characteristic of local bending (known as 'fictive' local bending). This new finding fits in perfectly with previous findings that serotonin is a major modulator of feeding in the leech [10] , so it seems that the same substance that is both sufficient and necessary for feeding in the leech [11] is also responsible for suppressing behaviors that are incompatible with feeding. Finally, not only did Gaudry and Kristan [2] show that a particular type of serotonin receptor blocker, mianserin, reduced serotonin's inhibitory effects on synaptic transmission and fictive local bending, but they also demonstrated that mianserin could actually reverse the suppressive effects of feeding in the semi-intact leech preparations, including the restoration of fictive local bending.
The importance of the finding that serotonin plays a crucial role in presynaptic inhibition in the leech goes far beyond the world of invertebrate neurobiology, as serotonin is also well-known for its role in modulating behavioral states, attention and behavioral choices in mammals [12] . The new work [2] provides an excellent example of how discoveries in well-identified invertebrate networks can make valuable contributions to our understanding of the cellular mechanisms of behavioral choice, a topic of considerable interest to modern neuroscience.
